Background: In Norway, 91% of children aged 1-5 attend kindergarten where they are exposed to indoor microbiomes which can have relevance for development and health. In order to gain a better understanding of the composition of the indoor microbiome and how it is affected by occupancy over time, floor dust samples from a newly opened kindergarten were investigated. Samples were collected during an 11-month period. Samples were analyzed for bacterial composition using 16S rRNA gene sequencing. Samples were also screened for four clinically relevant antibiotic resistance genes. In addition, Petrifilm analyses were used to evaluate surface hygiene. Results: Significant changes in the microbial community composition were observed over time (PERMANOVA, P < 0.05). Particularly, changes in the abundance and the proportions of human associated bacteria were found. A decrease in the prevalence of Propionibacterium from over 16% abundance to less than 1% and an increase in Streptococcus from 10 to 16% were the most significant findings. Four classes of clinically relevant antibiotic resistance genes were tested for; three were detected in the dust, indicating the presence of resistant bacteria and a potential for resistance spread. Petrifilm analysis showed that some surfaces in the kindergarten were of consistent poor hygienic quality, and new hygienic routines are required.
Background
In recent years, increased attention has been given to the investigation of the microbial ecology and diversity of our surrounding environments, including the buildings that we inhabit. There is a growing interest concerning the possible effects of microbiomes in the built environment on human microbiomes. Recent advances in DNA-based molecular analyses, coupled with developments in computational software and bioinformatics, have made possible the study of complex microbial communities and the interactions between microorganisms and their environments. Historically, culture-based methods have been used for identification of microorganisms. However, culture-based methods have significant limitations in that less than 1% of environmental microorganisms are readily detectable using the culture-based approach [1, 2] . High-throughput DNA sequencing methods yield datasets that provide more information about microbial communities than was possible to generate in earlier classical studies.
With the advent of high-throughput DNA sequencing, we are beginning to understand how the indoor microbiome is affected by the people who inhabit the buildings and by technical installations, design choices, and geographic location [3, 4] . It has been shown that different buildings and different room types can display unique microbiomes [5, 6] . Many of the studies to date have been conducted in buildings such as private housing, offices, schools, and hospitals [6] [7] [8] [9] . Relatively few studies have investigated the microbiome of kindergartens [10] [11] [12] . Some investigations have documented how microorganisms come to inhabit buildings, both after construction and after families have moved to new houses [6, 7] . In addition, relatively little is known about how the built microbiome can affect human health [13] [14] [15] . Given that humans spend about 90% of their time indoors, it is likely that the indoor climate has a significant effect on our health and development.
Kindergartens are an indoor environment where many small children spend a significant amount of time throughout the day. In Norway, 91% of children aged 1-5 years attend kindergartens, whereas in the age range 3-5 years, as many as 97% attend them. In addition, 95% of the children who attend kindergarten in Norway spend more than 41 h per week there [16] . It has been shown that kindergarten attendance can lead to an increased risk for diseases such as otitis media [17] and respiratory illness [18, 19] .
It is widely suspected that the human microbiota play a role in the development of several disorders, such as diabetes, asthma, allergies, and obesity. The development of the gut microbiota in children has also been found to play an important part in the maturation of the immune system [20] . Humans attain their microorganisms primarily after birth. The uterine environment was long considered to be sterile. However, we now know that there is exposure to some microorganisms in utero [21] . The bacteria in the human microbiota are also acquired through exposure to our surroundings after birth, and this eventually leads to the development of microbial communities that are unique to each person. Landmark events from birth through infancy and childhood play pivotal roles in the shaping of our microbiota [22] [23] [24] . When children reach the age of 3-5, the gut microbiota is starting to resemble that of an adult in terms of its composition and diversity, and microbiomes transition from dynamic to more static ones [23, 25] .
Large numbers of airborne bacteria indoors have been found to arise from resuspension of floor dust [26] . Exposure to floor dust might potentially have a larger impact on children than adults as the former are in a more active developmental phase, particularly with regard to immune function. One study suggests that concentrations of resuspended floor dust bacteria can be as much as 9-21 times higher close to the floor in the infant breathing zone than further up in the adult breathing zone [27, 28] . Characterization of floor dust might then provide useful information on exposure to environmental bacteria, especially when considering environments primarily inhabited by small children.
Antibiotic resistant bacteria (ARB) are a major and growing global health concern. Antibiotic resistance is conferred through mutation events and through the acquisition of antibiotic resistance genes (ARG). ARG are often found in the human microbiota, and some studies have shown that ARG can be found in the gut microbiota of young infants, even if they have not been exposed to antibiotics [29] . As humans emit large numbers of bacteria to their surroundings, it is likely that bacteria carrying ARG can be found in the built microbiome. In one study, resistant strains of airborne culturable Staphylococcus aureus were present in higher concentrations inside the study homes than outside the homes [30] . However, only limited research has been done on the transmission of antibiotic resistance and ARB in our domestic and work environments. Furthermore, we still know little about how the indoor environment can function as a reservoir for ARG.
In the present study, we investigated, with particular emphasis on floor dust, the bacterial diversity and the presence of ARG in three different rooms in a recently constructed kindergarten in Oslo, Norway. Previous studies have shown that in other indoor environments, including hospitals and housing, human occupancy shapes the structure of indoor microbial communities, which take on the microbial signatures of the occupants [6, 7] . Furthermore, Lax et al. [6] showed that these changes can occur rapidly. The primary aim of this study was to investigate if a similar effect could be seen in kindergartens and if the different rooms acquired different bacterial taxa that could be related to their primary use. In addition, to gain information about the number of viable, readily culturable bacteria, including commonly studied indicator bacteria, surface-hygiene analyses using both general and indicator-selective Petrifilms were included in the study.
Methods
Sampling was performed five times during the course of 11 months, beginning shortly after the recently constructed kindergarten in Oslo, Norway, was opened. Floor dust samples were analyzed for bacterial composition by 16S rRNA gene amplicon targeted metagenomic analysis. Floor dust samples were also analyzed for the presence of four clinically relevant bacterial ARG using targeted ARG polymerase chain reaction (PCR) primers. In addition, microbial activity on selected surfaces in each of the rooms sampled was investigated using Petrifilm® analyses (3M, MN, USA).
Sampling
Settled floor dust samples were collected from three separate rooms. The first room was the main activity room (approx. 50 m 2 ) which is primarily used for play activities for the children. In connection with the activity room is also a kitchenette area for food preparation. The second room was the toilet (approx. 20 All samples from each round were collected and processed on the same day. Dust samples were collected from the floors by vacuuming an area of at least 10 m 2 of the total floor in each room providing approximately 500 mg of dust for DNA extraction. Sampling was performed using a Flite2 area sampling pump equipped with a sterile plastic 0.4-μm polycarbonate micro-vacuum cassette (SKC Inc., PA, USA). Blank controls were taken by collecting and extracting heat-sterilized DNA-free glass wool from sterile microvacuum cassettes. Blank control samples were then processed and sequenced using the same protocols as the collected dust samples.
DNA extraction
DNA was extracted from 60 to 100 mg dust using the PowerWater® DNA isolation kit (MO BIO, CA, USA). As previously described [11] , dust was weighed into a bead-beater tube (BIOSPEC, OK, USA), and then 1 ml of prewarmed (55°C) PW1 from the kit was added to the tube and the dust was mixed into the solution using a pipette tip. Tubes were maintained at 55°C for 10 min. The remainder of the tube was then filled by the addition of beadmix from the kit. The dust/bead mix was homogenized using μ-MiniBeadbeater (BIOS-PEC) set at maximum effect for 5 min. The liquid fraction of the tube was transferred to an Eppendorf tube and centrifuged at 13000×g for 1 min. The aqueous phase was transferred to a new Eppendorf tube, taking care to avoid the precipitate. Thereafter, 200 μl of PW2 from the kit was added, and the supplied protocol was followed to completion. Final elution of the DNA was with 75 μl of molecular biology grade water prewarmed to 55°C. Eluted DNA was quantified, and the 260/280 ratio was measured using a nanodrop device (Thermo Fisher Scientific, MA, USA). DNA was stored at − 20°C until required for downstream applications. Blank controls yielded no measurable levels of DNA.
16S rRNA gene analysis
PCR amplification was performed using the universal bacterial 16S rRNA gene primers 27F (5′-AGAGTTTGA TCCTGGCTCAG-3′) and 338R (5′-TGCTGCCTCCCGT AGGAGT-3′), which amplify the V1-V2 regions of the 16S rRNA gene [31] . Primers were designed for use with the Roche 454 sequencing platform (454 Life Sciences, Branford, CT, USA). Adaptors and multiplex identifiers (MIDs) were included in primer sequences. PCR reactions were carried out in a total volume of 50 μl with the following components: 10 μl 5× Flexi buffer (Promega, Fitchburg, WI, USA), 2 μl dNTPs (10 mM, Promega), 0.2 μl GoTaq polymerase (5 U/μl, Promega), 3 μl MgCl 2 (25 mM, Promega), 31.3 μl certified nucleic-acid free water (Invitrogen, Waltham, MA, USA), 1 μl (25 μM) forward primer (MWG Eurofins, Ebersberg, Germany), 1 μl (25 μM) reverse primer (Eurofins), and 1.5 μl template DNA. PCR conditions were as follows: 5 min initial denaturation at 94°C; 35 cycles of 60 s at 94°C, 45 s at 55°C, and 90 s at 72°C; and 10 min at 72°C for final extension. PCR amplicons were size controlled and quantified by gel electrophoresis using Low Mass DNA Ladder standards (Invitrogen). Amplicon concentrations were calculated using a Bio Rad Gel Doc XR+ system with Bio Rad Image Lab software (Hercules, CA, USA). Triplicate reactions for each sample were pooled at equimolar concentrations prior to sequencing. Sequencing was performed by Eurofins Genomics laboratories.
Detection of resistance genes
DNA samples were analyzed for the presence of four ARG-classes: mecA (methicillin resistance), ermA (macrolide-lincosamide-streptogramin B resistance), vanA (glycopeptide resistance), and aac(6′)-aph(2″) (aminoglycoside resistance) (Table 1) , using gene-specific primers (Table 2) . PCR conditions were as described in Table 2 . PCR products were detected in agarose gels by staining with Sybr Gold (Molecular Probes, Eugene, OR, USA) to maximize detection sensitivity. All ARG detections included PCR reactions with positive and negative control DNA from clinical bacterial isolates. Table 1 provides an overview of the control strains used for estimating the sensitivity of the detection method. To estimate the detection limit of the PCR-system, genomic DNA from the positive control reference strains was extracted, and 10× serial dilutions were used to determine the lowest detection limit in the experimental setup. Detection of ARG was confirmed by sequencing of the PCR products from samples and positive controls.
Petrifilm® analysis
Samples were collected from 12 selected surfaces (Table 3) . Samples were analyzed using general purpose Aerobic Count (AC) and selective petrifilms (Enterobacteriaceae Count (ENT), Staph Express Count (STX), Yeast and Mold Count (Y&M)). The general criteria for choice of sampling points were (a) multiple separated points in each room, (b) frequency of use (e.g., eating table, play area), (c) suspected relevance for health, and (d) practicality (surfaces such as carpets cannot be easily analyzed using Petrifilm). Petrifilms were prepared according to the 3M Environmental Monitoring Procedures manual [32] . In brief, films were hydrated with 1 ml sterile water and stored for hydration as indicated. Surface sampling was done in accordance with the direct contact sampling procedure [32] . Sampling was performed at each site in either duplicate or triplicate. After sampling, the films were transported to our laboratories and incubated as directed in the manual prior to colony counting. Colony counts were classified according to 3M Petrifilm interpretation guides and reported as colony forming units (CFU). CFU counts on ENT, STX, and Y&M were counted manually. CFU counts on AC plates were counted electronically using a 3M Petrifilm plate reader.
16S rRNA gene amplicon analysis
Sequences were processed using the default parameters in QIIME version 1.9.1. [33] . Sequences were demultiplexed, and adapters were trimmed. Sequences were removed if they were less than 200 basepairs in length, had a quality score below 25, contained more than six ambiguous bases, or had primer mismatches. After quality control, the remaining high-quality sequences were assigned into operational taxonomic units (OTUs) using the open reference OTU picking strategy at a 97% sequence similarity cutoff. Representative sequences were then aligned against the Greengenes 16S rRNA gene database v13.8 [34] . Mitochondrial and chloroplast sequences were removed prior to downstream analysis. To eliminate potential bias due to sampling depth, all samples were then rarefied to a sequencing depth lower than the smallest sequencing depth (1600) prior to alpha and beta diversity analysis. To control for sample processing contamination, sequences generated from blank controls were plotted along with the samples in principal coordinate analysis (PCoA) plots to ensure that no Figure S1 ) [27] .
Statistical analysis
Data analysis and visualization was performed with R, primarily using functions from R package phyloseq, vegan, and ggplot2 [35] . For beta diversity community analysis, Bray-Curtis distances were used to produce PCoA plots to compare phylogenetic distances between samples. Permutational analysis of variance (PERMA-NOVA) employing ADONIS in R (Package: vegan) was used to compare Bray-Curtis distances against sampling round or room type. The number of permutations was set at the default 999 to calculate P values. To look for differences in alpha diversity across room types or sampling dates, the Kruskal-Wallis test was applied. The 3M plate counter accurately counts colonies up to 999 colonies per plate. Counts above 999 colonies are reported as too numerous to count (TNTC). For statistical analysis, plates reported as TNTC were given a CFU count of 1000, i.e., just above the upper range of accurate counting.
Results and discussion

Taxonomic analysis
After sequence filtering and quality control of 15 samples taken from 5 sampling rounds in three rooms, a total of 355,293 sequence reads, with a median/average of 23,838/23,686 sequence reads per sample (min 4928, max 42,382) were produced. This corresponded to 3678 taxa. After chloroplast and mitochondrial sequences were removed, all samples were rarefied to a sequencing depth of 1600 sequences per sample. After rarefaction, 2120 unique taxa were obtained across all samples.
An average of 391 taxa was observed in all the samples (min 223, max 534). The average Chao1 index estimate for all the samples was 694.7 (min 283.4, max 891.5). There were no significant differences in the numbers of observed taxa in samples across sampling rounds (Kruskal-Wallis test, df = 4, P > 0.05) or room types (Kruskal-Wallis test, df = 2, P > 0.05). Furthermore, no significant differences were observed in Chao1 estimates when samples were categorized by either sampling round (Kruskal-Wallis test, df = 4, P > 0.05) or room type (Kruskal-Wallis test, df = 2, P < 0.05) (Additional file 1: Table S1 ).
Effect of sampling round and room type on microbiome composition
At the phylum level, analysis of the taxonomic composition showed that more than 98% of the sequences were classified as Proteobacteria, Firmicutes, Actinobacteria, and Bacteroidetes. The most abundant phylum was Proteobacteria (41.0% of sequences), followed by Actinobacteria (27.3%), Firmicutes (25.0%), and Bacteroidetes (5.3%) (Fig. 1) . These phyla remained dominant throughout the 11-month sampling period. The phyla observed in kindergarten floor dust are also those most commonly found in residential housing as well as schools and other indoor environments. Furthermore, they are also the chief components of the human skin microbiota [36] . The results may indicate that major changes at the phylum level do not occur as a consequence of room habitation and use. Alternatively, phylum level analysis may be too general to reveal significant changes in bacterial communities if these occur. At the genus level, some trends were seen (see below).
When chloroplast sequences were retained in the dataset, it was seen that they made up more than 78.9% of the sequences in the kitchen floor dust samples (Additional file 1: Figure S2 ). This is of potential interest as the proportion of chloroplast sequences could provide an indication of the fundamental nature and properties of the dust itself. In a study of ventilation filter dust in kindergartens, we found that 35% of the sequences in the intake filter (i.e., outdoor air) were identified as chloroplast DNA, whereas less than 6% of sequences identified from exhaust filters (i.e., indoor air) were from chloroplasts [11] . However, it seems pertinent to remove chloroplast sequences as they are not directly relevant to an investigation of bacterial dispersal in the building.
Genus-level composition
Among the most abundant genera were several that have been identified in previously published studies of the indoor microbiome [37, 38] . Floor dust samples in the present study were generally dominated by genera such as Janthinobacterium, Micrococcus, Staphylococcus, Streptococcus, Corynebacterium, Propionibacterium, and Microbacterium. To highlight the possible impact of human activity on the bacterial composition of the floor dust, data on selected human-associated genera (Micrococcus, Staphylococcus, Streptococcus, Corynebacterium, Propionibacterium) and their relative abundances were extracted and are presented in Fig. 2 . On average, human-associated genera made up 25% of the relative abundance across all samples. In the first sampling in the main room, they made up more than 60% of the relative abundance, largely due to a high abundance of Propionibacterium.
For the main room and the kitchen, the abundance of human-associated bacteria was highest in the early and late sampling rounds (Fig. 2) . This could possibly be explained by seasonal variation, as both the first and fifth sampling were performed during winter months (December and January, respectively), when staff and children spend more time indoors. The use of natural ventilation (opening of windows) might also be lower during winter months. Studies have shown seasonal [39] showed that indoor CFU concentrations for bacteria were highest during spring and fall and lowest during summer. In the present study, the relative abundance of Propionibacterium decreased over time in all rooms (Fig. 2) . It is possible that a source of Propionibacterium was present in the building only during the earlier sampling rounds. Propionibacterium is one of the main commensals of the skin microbiome and is mainly found on sebaceous (oily) skin sites in adolescents and adults [40, 41] . As sebaceous glands mature during puberty, the onset of puberty is often accompanied by an increase of Propionibacterium in the skin microbiome. Initially, the building was solely occupied by adults, i.e., those involved in the construction process. After construction, the primary occupants of the building were pre-pubescent children. This could potentially explain the decrease in Propionibacterium over time, and its comparatively low abundance in kindergartens compared to other indoor environments. Shin et al. [10] looking at bioaerosols in childcare facilities found Propionibacterium to have the lowest abundance of the human-associated bacteria. Interestingly, other studies of the indoor dust microbiome have found the relative abundance of Propionibacterium to be generally higher than in the present work [26, 42] . A study by Hospodsky et al. [26] looking at indoor microbiomes in university classrooms found Propionibacteriaceae to be consistently one of the five most abundant taxa in floor dust, HVAC filter dust, indoor air, and ventilation supply air. Further work could investigate the role of building occupant age on the abundance of Propionibacterium in the indoor environment.
The last three rounds of sampling (four for the toilet) showed a gradual increase in the abundance of Streptococci. This might be explained by gradual colonization of the building in this period. However, as a high abundance of Streptococci was also found in some of the earlier samples, caution is required in the interpretation of the data. An identical trend was seen for the Micrococci in the main room and toilet. As Streptococci are associated with a number of illnesses with special relevance for children (e.g., impetigo), this finding could potentially be important.
Phylogenetic composition
Community composition analysis showed that only sampling round was found to be a significant predictor of the bacterial community composition (df = 4, F.model = 1.312, R 2 Adonis = 0.340, P Adonis = 0.046*). Room type was not found to have a significant impact on phylogenetic dissimilarity (df = 2, F.model = 1.104, R 2 Adonis = 0.143, P Adonis = 0.256). These results suggest that the bacterial composition in kindergarten dust is more influenced by sampling round, possibly related to accumulation over time or seasonal variation, than by room type. The data in Fig. 2 suggests that there may be higher concentrations of human-associated bacteria in the winter months. However, unlike indoor fungal populations, indoor bacterial populations have been found to be less driven by seasonal variation [43, 44] . A study of seasonal variation in airborne bacteria and viruses in a children's daycare center did not find clear evidence of seasonal variation in bacterial communities, but did find seasonal patterns for some respiratory viruses [12] .
As the kindergarten was newly opened, it was hypothesized that its microbiome might change fundamentally as a consequence of occupancy and perhaps eventually settle to a more stable composition. Changes in the relative abundance of Propionibacterium and Streptococcus are noted above and provide some support for this. That the appearance of these genera indoors in nurseries which are associated with occupancy is supported by our previous work on ventilation in kindergartens [11] . This study showed that these bacteria were close to absent in intake dust samples but among the most abundant genera in exhaust filter dust. To date, few longitudinal studies have been done to examine how the indoor microbiome develops over time. A longitudinal study of the indoor microbiome by Lax et al. [6] found that when families moved to new dwellings, the indoor microbiome of the dwellings would be rapidly shaped by the family, i.e., the new dwelling became populated by the inhabitants' microbiome. A similar trend has been observed in the hospital environment, where bacterial communities on patients and room surfaces became increasingly similar over the course of a patient's stay [7] .
Antibiotic resistance gene detection
Four ARG (Table 1) were screened for using PCR in 15 floor dust samples. Table 4 shows the results from the ARG PCR assay. The genes mecA, ermA, and aac(6′)-aph(2″) were detected in all samples, whereas the vanA gene was not detected in any of the samples. The lower limit of PCR detection for the four ARG classes based on the results for the positive control strains is shown in Table 4 .
In a study of vacuum cleaner dust and air samples at an Australian university, no samples tested positive for the presence of ermA or vanA, whereas a number of other resistance genes were found by endpoint PCR. MecA and aac(6′)-aph(2″) were not tested for [45] . In contrast, analysis of ventilation filter dust in a hospital showed the presence of ermA, mecA, and aac(6′)-aph(2″), whereas vanA was not detected [46] . These results are similar to those for kindergarten dust tested in the present study. Drudge et al. concluded that the presence of mecA together with aac(6′)-aph(2″) and ermA could be due to multidrug-resistant methicillin resistant Staphylococcus aureus (MRSA). It is perhaps unlikely that a newly opened kindergarten should house multidrug-resistant MRSA. However, if the suggestion made by Drudge et al. is likely to be true, then, dust samples from kindergartens should be further analyzed for MRSA. It is important to recognize that mecA can also be carried by coagulase-negative strains of Staphylococcus, such as Staphylococcus epidermidis. However, according to Drudge et al. [46] , the finding of mecA, aac(6′)-aph(2″), and ermA is perhaps some cause for concern, as these genes can be found on mobile genetic elements [47, 48] . Further studies could look at the resistance properties of putative S. aureus obtained on STX petrifilm.
The abundance of ARG in environmental samples remains largely unknown. PCR-based methods, such as those used in the present study, can provide insight into the commonality of such genes in our surroundings. Although these methods do not distinguish between viable and nonviable bacteria, they provide knowledge concerning the abundance and spread of ARG and help us to understand how antibiotic resistance capacities can potentially spread through the indoor environment.
Shotgun sequencing-based metagenomic studies could provide more comprehensive information concerning a wider range of ARG. Notwithstanding, the endpoint PCR-based method provides a simple procedure for detecting ARG in dust and other environmental samples.
Petrifilm analysis
Petrifilm is a much used technique in the food industry which can also be used for assessing hygienic quality of surfaces [49] . In addition to aerobic counts, Enterobacteriaceae, putative S. aureus, and yeast and mold were also found in the kindergarten (Table 5) .
Enterobacteriaceae were primarily found at site D (kitchenette countertop) and J (ventilation hood) (Fig. 3c) . Putative S. aureus was also primarily found at sites D and J. However, site G (above hand washing basin) also showed high STX counts in the two last rounds of sampling (Fig. 3d) . Yeasts and molds were found to be more ubiquitous throughout the building, and Y&M counts showed little site variation (Fig. 3e) .
There are few international standards and guidelines for interpreting surface hygiene with respect to relevance for health. However, several national food safety agencies have recommended hygienic guidelines, and these have been applied in the food industry. In these instances, it has been suggested that microbial counts should not exceed 5 CFU/cm 2 [50] . To our knowledge, no guidelines at the present exist for kindergartens. As food is prepared in kindergartens, including the one in the present study, using recommended guidelines for food safety, the observed CFU counts for aerobic bacteria (Fig. 3a) were converted to an expression of surface hygiene (Fig. 3b) . Similar guidelines are not available for ENT, STX, and Y&M.
Sites C, D, and J were consistently of poor hygienic quality (Fig. 3b) , and this should be addressed by new hygienic routines. Both C and D were surfaces that are likely to have high rates of contact with children and staff. Site J was a ventilation hood which was visibly dirty. This is a surface often omitted during cleaning. However, the findings indicate that it is important to clean this surface, as bacteria could possibly fall down onto the countertop below which is used for food preparation. Site F was the only surface that consistently had acceptable surface quality. Sites D, G, and J are in close vicinity to sources of dampness, i.e., wash basins and cooking stoves. Site I, just below site J, was cleaned regularly and appeared much cleaner compared to J and also showed a higher hygienic level across all plate types.
No Enterobacteriaceae was found on surfaces in the toilet area, which could suggest that formation of biofilms containing these bacteria has not occurred. However, Enterobacteriaceae was present in the buildings and was found consistently at sites D and J, both of which are in close vicinity to food preparation areas.
Limitations
The major limitation of this study is that the results are based on only a single kindergarten. Furthermore, it would be desirable to have more than five sampling rounds, in order to better assess temporal variability in the data. Unfortunately, we were unable to collect samples prior to the opening of the kindergarten. This would have been the ideal baseline sample. Notwithstanding, the first sample was collected shortly after opening. In addition, the present study focuses on floor dust. However, as our previous work has shown, HVAC samples could have been included as these can also reveal microbial changes in the indoor space. The strength of the present work is the combination of both culture-and nonculture-based analyses. In addition, few other studies have followed the development of bacterial populations in multiple indoor spaces over such a long period. The inclusion of ARG screening also gives a partial characterization of the kindergarten environment as a reservoir for ARGs. However, future studies based on shotgun sequencing would give a more comprehensive understanding the indoor resistome. 
Conclusion
We examined the bacterial communities of floor dust in a newly opened Norwegian kindergarten. Significant changes in the bacterial community composition could be observed over time, particularly with respect to the abundance and the proportions of human-associated bacteria. Further studies could look to see if the trends observed here with Propionibacterium and Streptococci are repeated in other kindergarten and daycare settings. We also detected the presence of three clinically relevant ARG in the dust, which could be synonymous with resistant S. aureus. Methods such as shotgun metagenomic sequencing should be employed to investigate whether strains of MRSA are present in the dust. This study also shows that Petrifilm can conveniently identify areas of poor hygienic quality. More kindergartens should be examined using similar approaches as used here, to see if similar trends occur. Knowledge of the indoor environment in kindergarten and day care settings holds great potential for understanding how microorganisms in the indoor environments can affect health, as small children might experience more long-lasting health effects of exposure to microorganisms than adults. Our study also indicates the importance of investigating the prevalence of ARB in these environments. Such knowledge may help us understand better the mechanics of communityacquired antibiotic resistant infections and the epidemiological spread of ARB.
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